ABSTRACT The DNAs of here sim lex virus (HSV) 1 and 2 consist of two components, L and S, each composed of unique sequences bracketed by inverted repeats. In this study we have probed the structure of the reiterated regionsof the S component in marker rescue experiments involving transfection of cells with mixtures of intact HSV-1 mutant viral DNA and individual DNA fragments generated by restriction endonuclease digestion of wild-type HSV-1 or HSV-2 DNAs. The results were as foflows: (i) HSV is diploid for the wild-type sequences that rescue two temperature-sensitive (ts) mutants. DNA fragments from both reiterated regions of theS component of HSV-1(F) DNA can rescue tsLB2 and tsD mutants. (ii) Identity of the entire reiterated sequence at both ends of S is not obligatory because only one end of the S component of wild 1)notype virus HSV-1(1061) rescues tsD even though both ends rescue tsLB2.
(ill) Genes in both reiterated sequences can be expressed. We produced, by marker rescue experiments, recombinants with heterotypic ends of the S component, and these specified correspon in polypeptides characteristic of both HSV-1 and HSV2. (iv) The reiterated sequences of the S component may contain a region of obligatory identity. Thus, several recombinant clones produced by rescue with HSV-2 DNA contained identical HSV-2 DNA insertions within both reiterated regions of the HSV-1 S component. Consistent with this conclusion, the termini of the S component in the heterodiploids described in iii were identical by restriction enzyme analysis. (v) The observation that HSV DNA can be expanded by at least 5 X 100 by means of insertion in the S component suggests that it can be a vehicle for exogenous DNA. Herpes simplex virus 1 (HSV-1) specifies approximately 50 polypeptides which form at least three groups, designated a, fl, and y, whose synthesis is coordinately regulated and sequentially ordered (1) . Its DNA (97 X 106 molecular weight) consists of two covalently linked components designated L and S. comprising 82 and 18% of total DNA, respectively (Fig. 1A) . Both L and S consist of unique sequences (UL and Us) bracketed by inverted repeats (2). The reiterated sequences of L, designated ab and b'a', each consists of 6% of total DNA, whereas the reiterated sequences of S, designated a'c' and ca, each consists of 4.3% of total DNA (3). HSV-1 DNA extracted from virions consists of four equimolar populations differing in the orientation of the L and S components relative to each other (4, 5) . The four populations have been designated P (prototype), IL (inversion of L), Is (inversion of S), and ISL (inversion of both S and L) (Fig. 1A) . One consequence of this DNA arrangement is that restriction endonucleases that do not cleave within the reiterated regions generate three classes of fragments. The first class, corresponding in concentration to the molarity of intact DNA, comprises fragments mapping between the first and last cleavage within the unique L and unique S regions. The second class comprises the four terminal fragments of L and S. each present in 0.5 M concentration relative to the molarity of the intact DNA. The third class comprises 0.25 M fragments which arise through the joining of the 0.5 M L and S terminal fragments across the b'a'a'c' junction as a consequence of the inversions of the L and S components (Fig. 1) .
A closely related virus, herpes simplex virus 2 (HSV-2), contains a DNA molecule that structurally resembles HSV-1 DNA and is colinear with it, but differs in the position of restriction endonuclease cleavage sites (6). Analysis of HSV-1 X HSV-2 recombinants established that the template for the a infected cell polypeptide (ICP) 4 maps near the ends of the S component (7). ICP 4 is processed to a higher molecular weight after synthesis and the HSV-2 ICP 4 forms migrate more slowly in sodium dodecyl sulfate/polyacrylamide gels than the HSV-1 counterparts (7). Evidence for the correspondence of polypeptides identified as HSV-1 and HSV-2 ICP 4 is given elsewhere (7).
This study concerns the reiterated ca sequence in the S component of HSV DNA. From experiments involving the rescue of two HSV-1 temperature-sensitive (ts) mutants with HSV-1 and HSV-2 restriction endonuclease fragments, we established that at least a portion of the templates for a ICP 4 maps within the reiterated ca sequence and that HSV DNA can be haploid, diploid, or at least partially heterodiploid with respect to the expression of this gene. From of DNA, conditions of digestion of DNA, electrophoresis of the DNA fragments in agarose gels, autoradiography of the electrophoretically separated fragments, and preparative purification of fragments were as described (4, 6, 12 recombinants in this report were isolated by four cycles of cloning under soft agarose overlay medium at 390 as described (6). Virus clones resulting from rescue of HSV-1(HFEM) tsLB2 or HSV-1(17) tsD with HSV-2(G) DNA fragments were designated LG or DG, respectively, followed by a clone number.
Labeling (7). RESULTS Rescue of HSV-1 Mutants tsLB2 and tsD with HSV-1 DNA Fragments. Three series of experiments were done. In the first, tsLB2 and tsD were rescued with Hsu I/Bgl II restriction endonuclease fragments of HSV-1(1061) DNA. As illustrated in Table 1 , tsLB2 was rescued by fragments Hsu I/Bgl II-I and Hsu I/Bgl II-J, whereas tsD was rescued only by the fragment Hsu I/Bgl II-I generated from the left end of the S component. Furthermore, the 0.25 M fragments of HSV-1(1061) DNA encompassing the left end of the S component were also capable of rescue of tsD (data not shown). None of the fragments from the L component rescued these mutants (data not shown). In the second series, we repeated the rescue with Hsu I fragments of HSV-1(F) DNA arising from the S component. Both mutants were converted to wild-type phenotype with fragments Hsu I-G and Hsu I-M generated from both ends of the S component ( Table 1 ). The third series of experiments involved the rescue of tsD and tsLB2 with EcoRI restriction endonuclease fragments of the S component of HSV-1(F) DNA. As shown in Table 1 , the terminal 3.5 X 106 molecular weight fragments, EcoRI-K1,2 rescued both ts mutants. We conclude the following: (i) The ts lesions in tsLB2 and tsD are in the reiterated sequences of the S component because the 3.5 X 106 EcoRI-K1,2 fragments arise from within the ca and a'c' sequences ( Figure  1B) The second group, DGC and DG9, specified polypeptides that comigrated with fully and partially processed forms of HSV-2(G) ICP 4 (see DG1 in Fig. 2 ). Restriction endonuclease analysis of the DNA of these clones, (detailed for DG1 in Figs. 3 and 4) indicate that 6 X 106 in molecular weight of HSV-1 DNA were replaced by a total of 11 X 106 in molecular weight of HSV-2 DNA, resulting in an increase of 5 X 106 in the size of the genome. Moreover, the HSV-2 DNA sequences were inserted into two places, i.e., as much as 5 X 106 in molecular weight of HSV-2 DNA was inserted into each of the left and right reiterated regions within the original HSV-1 map positions 0.83-0.865 and 0.965-1.0. In view of the small likelihood of such unusual identical insertions of HSV-2 sequences into both ends of HSV-1 S component DNA, it seemed reasonable to conclude that the insertion occurred at one end of the DNA and was duplicated in the other end.
The third group comprises eight ts clones, each of which specified two forms of ICP 4 and therefore appeared to be heterodiploid for the ICP 4 gene. As illustrated in Fig. 2, LG3 is an example of a clone specifying polypeptides that comigrated with both HSV-2(G) and tsLB2 ICP 4, whereas LG19 exemplifies a clone that specified a polypeptide that comigrated with the HSV-2(G) ICP (Fig. 1C) Autoradiograms of agarose gels containing electrophoretically separated restriction endonuclease fragments of the parental and recombinant viral DNAs. All gels were 0.45% agarose except those for the samples cleaved with EcoRI/Bgl II, which were 0.6% gels. For the recombinant clones DG1 and LG3, only those fragments altered from those of the parental ts mutant are labeled. The 0.25 M fragments are labeled with two letters representing the fused terminal fragments. The differences in the fragment patterns of the DNA of HSV-1 (HFEM) tsLB2 and HSV-1 (17) tsD are a 2 million deletion between map units 0.70 and 0.83 in HFEM DNA, slight increase in size of the S component of HFEM DNA, and loss of the Hsu I cleavage site between fragments M and N in HFEM DNA. The mapping of LG3 DNA is based largely on the EcoRI pattern. Thus, digestion of LG3 DNA with EcoRI endonuclease revealed a new fragment, K'2, which approximately comigrated with the HSV-2 EcoRI-M fragment. The HSV-2 EcoRI-M fragment is contained within the Xba I-I fragment used for the rescue, suggesting that this new fragment represented incorporated HSV-2 DNA sequences. The intensity of the K1,2 band was reduced approximately one-half relative to the DNA of tsLB2, suggesting the replacement of one end of S by the HSV-2 DNA and a resulting loss of one of the two terminal K fragments (see Fig. 3B ). The fragment EcoRI-H was reduced in size, also the result of the larger HSV-2 EcoRI fragment at one end of S. Because EcoRI cleaved only within the reiterated region, analyses with this enzyme did not allow a determination of which end of the S component had been replaced by HSV-2 DNA. To determine this location, we cleaved LG3 DNA simultaneously with EcoRI and Bgl II. LG3 DNA lacked one fragment, R, from the right end of S adjacent to the L2 fragment, and a new smaller fragment R' was observed which was probably the result of replacement of the right end of S by the longer HSV-2 L2 fragment (Fig. 3B) . The H fragment, and therefore the left end of S, remained unaltered. Mapping of DG1 DNA is also based largely on the EcoRI pattern. Thus, both 0.5 M terminal fragments of the S component, K1 and K2, were missing from the EcoRI digest. The presence of two new 0.5 M fragments, K;,2, which migrated with the HSV-2 EcoRI-M fragment, suggested that the HSV-2 DNA was inserted at both ends and replaced the HSV-1 EcoRI-K1,2 fragments. However, the HSV-1 EcoRI-H fragment from the middle of the S component was not altered in size; therefore, insertion of HSV-2 DNA must have occurred within the terminal HSV-1 EcoRI-K fragments. Although not visible, two new fragments of identical size, approximately 1.2 X 106 molecular weight, were present in the EcoRI digest of DG1 DNA. We conclude that these fragments represent the distance between the HSV-1 and HSV-2 EcoRI cleavage sites at each end of S in this DNA (see Fig. 3A ). This predicted a total increase in size of 2.6 million in both ends of S. The increase in size of the terminal S fragments was also apparent from the size of the 0.25 M EcoRI fragments, EK;, EK'2, JK;, and JK2. The increase in the size of the termini of S was also observed in the digestion pattern of DG1 DNA with Hsu I and Bgl II (Fig. 3) .
EcoRI-K1 and K2 fragments of LG3 DNA (Fig. 5) 
